This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED [MAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




i urn iniiiii 11 nun mil 1111 1 11 in iihi nm inn nm inn mi iimu mi mi nil 



(43) International Publication Date (10) International Publication Number 

14 August 2003 (14.08.2003) pct WO 03/0671 15 Al 



(51) International Patent Classification 7 : F16D 66/02 

(21) International Application Number: PCT/SE03/00166 

(22) International Filing Date: 3 1 January 2003 (31.01.2003) 



(25) Piling Language: 

(26) Publication Language: 



English 



(30) Priority Data: 

0200330-9 
0200591-6 



6 February 2002 (06.02.2002) SE 
28 February 2002 (28.02.2002) SE 



(71) Applicant (for all designated States except US): HALDEX 
BRAKE PRODUCTS AB [SE/SE]; Box 501, S-261 24 
Landskrona (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): PERSSON, Anders 

[SE/SE]; Fasanvagen 7, S-261 75 Amundstorp (SE). SEV- 
ERINSSON, Lars [SE/SE]; Noxdanivagen 27, S-310 21 



Hishult (SE). TORMO, Luis [SE/SE]; Koppargarden 13 
A, S-261 43 Landskrona (SE). 

(74) Agent: STR&M & GULLIKSSON IPC AB; P.O. Box 
4188, S-203 13 Malmo (SE). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VN, 
YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, SI, 
SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
GQ, GW, ML, MR, NE, SN, TD, TG). 

[Continued on next page] 



= (54) Title: DIGITAL SENSOR 




< 

IT) 
rH 
rH 

o 

^ (57) Abstract: The present invention concerns a digital sensor for monitoring the wear of lining material of a disc brake. The sensor 
w is t0 De attached to the end of an adjusting shaft (1 1) of an adjusting mechanism, which mechanism is used for adjusting the position 

of brake pads in relation to the brake disc. The sensor has two or more code parts (2, 3, 13, 15, 20, 22, 29, 31, 44, 46, 50, 51, 52, 
^ 57, 58) of which one is rotated continuously by rotation of adjustment shaft (11). The code parts have paths of codes to be read by 

detectors (5, 6, 34, 35, 36) placed on PCB (4, 14, 21, 30). The PCB has circuitry to relate the position of the sensor to the wear of 
^ the lining material. 
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DIGITAL SENSOR 

5 

Technical Field 

The present invention refers to a digital sensor for 
monitoring the wear of lining material of a disc brake. The 
invention is primarily developed for disc brakes for heavy 
10 duty road vehicles, but a person skilled in the art real- 
ises that it may be used for any kind of vehicle. The sen- 
sor element is intended for use at both pneumatically and 
electromechanically actuated brakes . 

15 Prior Art 

Digital sensors transform a continuously varying 
value to a quantified value. Many digital sensors use dif- 
ferent types of codes, by which the measured value is rep- 
resented by a certain code. The codes may be given in many 

20 different ways, e.g. by different light or dark parts, or 
by holes or no holes, which are read by an optical sensor. 
The codes may also be given by the presence or no presence 
of magnets, the direction of a magnetic field etc. read by 
any type of magnetic sensor, e.g. a hall effect sensor or a 

25 magnetoresistive sensor. 

Several different types of indicators or sensors for 
monitoring the wear of the brake lining of a brake pad or 
the like are known. In principal the known sensors operate 
in two different ways for monitoring wear of brake linings. 

30 The first way is to use a sensor that measures directly on 
the brake lining. The second way is to use a sensor that 
monitors the position or movement of a part indicative of 
the wear of the brake linings. The present invention con- 
cerns a sensor element monitoring the position of a part, 

35 indicative of the wear of the brake linings. 

Disc brakes are generally of two different types, 
which are referred to as disc brakes having a fixed caliper 
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or a floating caliper. The present invention is applicable 
for both the above types of disc brakes. 

The sensor according to the present invention is to 
be applied to the end of an adjustment shaft. The adjust- 

5 ment shaft is a part of an adjustment mechanism, used to 
control the position of the brake pads in relation to the 
brake disc(s), as is well known in the art. As the lining 
of the brake pads wear off, the position of the brake pads 
in relation to the brake disc(s) is automatically adjusted, 

10 by means of the adjustment mechanism. Hereby the distance 
between the lining material and the brake disc(s) is kept 
more or less constant. The amount of rotation of the ad- 
justment shaft is correlated to the distance the adjuster 
mechanism advances the brake pads towards the brake 

15 disc(s). Thus, the -rotation of the adjustment shaft is an 
indicator of the wear of the brake pads of the disc brake. 

When worn brake pads are to be replaced by new brake 
pads, the adjustment mechanism, and thus, the adjustment 
shaft, is brought back to a starting position. This is done 

20 to give room for the new thicker brake pads. 

Summary of the Invention 

One object of the present invention is that the sen- 
sor should be relatively compact. 
25 Another object of the present invention is that the 

sensor should be relatively easy to mount at different 
types and makes of brakes. It should also be possible to 
retrofit on brakes already mounted in vehicles. 

A further object is that the sensor shall be rela- 
30 tively cheap to produce. Furthermore, the sensor should 
preferably be placed in a position in which the high tem- 
peratures generated during braking will have minimal effect 
on the sensor. 

The above objects are met by a digital sensor for 
35 monitoring the wear of the lining material of disc brakes. 



WO 03/0671 15 PCT/SE03/00166 



The sensor is to be attached at the end of an adjustment 
shaft of an adjusting mechanism for adjusting the position 
of brake pads in relation to the brake disc. The sensor 
comprises at least two code parts. One code part is rotated 
5 continuously by rotation of the adjustment shaft. The code 
part rotating continuously is a code wheel. The other parts 
are one or more sliding parts in the form of a code rack, a 
sleeve etc. which is moved in a linear fashion and/or one 
or more code wheels . 
10 As the digital sensor of the present invention is to 

be placed at the end of the adjustment shaft, it is easy to 
adapt it to existing brakes and to mount it on brakes al- 
ready mounted in a vehicle. 

Due to the position of the digital sensor it is read- 
15 ily available for service and other maintenance. Further- 
more, it is placed at a relatively large distance from the 
high temperatures generated during braking. The high tem- 
peratures are generated in the contact between the brake 
pads and the brake disc(s) . Thus, it is less risk of mal- 
20 function due to excessive temperatures. Digital sensors are 
generally less sensitive to different disturbances, such as 
variations of temperature, pressure etc. than other types 
of sensors. Furthermore, the sensor has minimal effect on 
the adjustment mechanism, as the movement of the code parts 
25 is given without any excessive force needed. 

The sensor of the present invention is possible to 
use with any disc brake having an accessible adjustment 
shaft. As the exact design of the disc brake as such is of 
no importance for the present invention it will not be de- 
30 scribed here. However, the sensor element of the present 
invention is mainly intended for pneumatically or electro- 
mechanically actuated disc brakes. 

Further objects and advantages with the present in- 
vention will become apparent for a person skilled in the 
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art, when reading the detailed description below of pres- 
ently preferred embodiments of the invention. 

Brief Description of t he Drawings 
5 The invention will be described more closely below by 

way of examples and with reference to the enclosed draw- 
ings . In the drawings : 

Fig. 1 is a schematic view of a first sensor accord- 
ing to the present invention; 
10 pig. 2 is a side view of the sensor of Fig. 1; 

Fig. 3 is a schematic view of a second example of a 
sensor according to the present invention; 

Fig. 4 is a schematic view of a further example of a 
sensor according to the present invention; 
15 pig. 5 is a sectional view showing the sensor of Fig. 

4 mounted at an adjustment shaft of a disc brake; 

Fig. 6 is a schematic view of yet a further example 
of a sensor according to the present invention; and 

Figs. 7 to 9 are schematic views of further alterna- 
20 tive embodiments of the present invention. 

Detailed Description of Preferre d Embodiments 
The sensor element of the present invention as shown 
in Figs. 1 and 2 consists of a code wheel or disc 2 and a 
25 code rack 3. The code rack 3 is used to count the number of 
turns of the adjustment shaft and the code wheel 2 is used 
to determine the position on the actual turn. 

The elements of the digital sensor are normally 
placed in a housing, which housing is omitted from the 
30 Figs. 1 and 2 for clarity reasons. 

The sensor element of the present invention is to be 
placed at the end of an adjustment shaft (not shown) of a 
disc brake. In the embodiment of Fig. 1 a connection part 1 
is used for connection to the adjustment shaft. The form of 
35 the connection part 1, is adapted to the form of the end of 
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the actual adjustment shaft and may be formed to be re- 
ceived in a recess at the end of the adjustment shaft. A 
person skilled in the art realises that the connection part 
of the sensor element may have many different forms, de- 

5 pending on the form of the shaft. The connection part may 
e.g. have the form of a nut, a cap or the like placed over 
the end of the adjustment shaft. In many brakes the adjust- 
ment shaft is drivingly connected to a further shaft (not 
shown) , which further shaft may be used to reset the ad- 

10 justment mechanism. 

In the embodiment of Figs. 1 and 2 a code wheel 2 and 
a code rack 3 are placed facing a PCB (printed circuit 
board) 4. The code wheel 2 is fixed to the adjustment shaft 
of the disc brake by means of the connection part 1. As the 

15 code wheel 2 is fixed to the adjustment shaft, it will ro- 
tate as the. adjustment shaft rotates. The PCB 4 is sup- 
ported in a fixed way and, thus, will not rotate. A person 
skilled in the art realises that the PCB 4 may be supported 
in many different ways. The code rack 3 will move one step 

20 for each turn of the adjustment shaft or code wheel 2. Dif- 
ferent examples of how to accomplish this are described be- 
low. 

On the side of the PCB 4 facing the code wheel 2 and 
the rack 3, there are a number of detectors 5, 6. In the 
25 shown embodiment there are four detectors 5, 6 for each of 
the wheel 2 and rack 3, respectively. The number of detec- 
tors 5, 6 is decisive for the accuracy of the measurements. 
A person skilled in the art realises that the number of de- 
tectors may vary and that the number of detectors 5, 6 are 
30 related to the number of paths of codes on the code wheel 2 
and the code rack 3, respectively. The codes on the code 
wheel 2 and rack 3 are of binary type. 

The code wheel 2 has a number of circular paths, 
where each path is placed in a position relating to one 
35 detector 5, placed on the PCB 4. The code rack 3 has a 
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number of linear paths in positions related to detectors 
6, placed on the PCB 4. A person skilled in the art real- 
ises that many different types of codes may be used. The 
code may be a so-called Graycode, i.e. only one bit posi- 

5 tion changes its value between two adjacent numerical val- 
ues. The paths may be formed of a number varying areas, 
e.g. every second area is dark the other light, every sec- 
ond area is a hole the other no hole or every second area 
is a magnet and the other no magnet etc. An embodiment us- 

10 ing magnets will be discussed below. The numbers of areas 
in each path varies, in order to form different binary 
numbers when the detectors read the actual value in the 
area placed opposite each detector. This is known to a 
person skilled in the art and will not be further dis- 

15 cussed here. 

As stated above the codes may be alternating dark 
and light areas detectable by means of the detectors 5, 6, 
if they are of optical type. It is also possible to use 
holes or no holes, which is also detectable by means of 

20 optical detectors. If necessary a light may be placed on 
the opposite side of the code wheel 2 and rack 3 when the 
codes are of the type holes or no holes. The optical de- 
tectors as such are known to persons skilled in the art 
and will not be further discussed here. 

25 The detectors 5, 6 are preferably placed on the PCB 

4. The PCB 4 has circuitry to calculate the actual wear of 
the lining material of the brake pads based on the signals 
received from the detectors 5, 6. The signals from the de- 
tectors 5, 6 are related to the rotation of the adjustment 

30 shaft of the disc brake. The information from the PCB 4, 
regarding wear of the brake pads is normally given to the 
driver by means of the existing electronics of the vehicle. 
The information of the wear may be used both to give a 
warning to the driver that the thickness of the lining ma- 
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terial is becoming hazardously low and to indicate the es- 
timated driving distance before the next brake pad change. 

As stated above, in an alternative embodiment the 
codes are given by magnets 7, 8 placed in paths on the 

5 sides of the code wheel 2 and code rack 3 facing the PCB 4. 
The magnets 7, 8 are placed in circular paths on the code 
wheel 2 and linear paths on the code rack 3. In this case 
the detectors 5, 6 of the PCB 4 are magnetic sensors facing 
the code wheel 2 and rack 3, respectively. The magnetic 

10 sensors, which may be hall effect sensors or magnetoresis- 
tive sensors, detects the position of the magnets 7, 8. The 
number of paths of magnets 7, 8 corresponds to the number 
of sensors. In the same way as stated above the PCB 4 has 
circuitry to process the received information from the sen- 

15 sors and present a value of the wear of the brake pads of 
the disc brake. 

In Fig. 1 one example of transfer of the rotation of 
the code wheel 2 to the rack 3 is indicated. As stated 
above the code wheel 2 will rotate with the adjustment 

20 shaft. The code rack 3 is drivingly connected to a finger 9 
on the outer circumference of the wheel 2 . The finger 16 of 
the code wheel 2 is co-operating with teeth 10 on one side 
of the code rack 3. When the adjustment shaft and thus, the 
code wheel 2 rotates, the finger 9 of the code wheel 2 will 

25 move the code rack 3, as long as the finger 9 is in contact 
with a tooth 10 of the code rack 3. When the code wheel 2 
continues to rotate the finger 9 will leave the contact 
with the teeth 10 of the rack 3 until the wheel 2 has ro- 
tated almost one turn. Then the finger 9 once again will go 

30 into contact with one tooth of the code rack 3 . For each 
turn of the code wheel 2, and thus the adjustment shaft, 
the code rack 3 will be moved a length corresponding to one 
tooth. Thus, the rotational movement of the code wheel 2 
will be transferred to a linear movement of the code rack 

35 3. A person skilled in the art realises that any suitable 
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means for transferring the circular movement of the wheel 2 
to an intermittent movement of the rack 3 may be used. Fur- 
thermore, a person skilled in the art realises that the 
code wheel and rack may have designs that differ from the 
design of the embodiment shown in the enclosed Figs. 1 and 
2. 

Below a number of further examples of digital sensors 
will be described in connection with the Figs. 3 to 9. As 
the principles of the movements of the different sensor 
parts and the way the PCB operates is similar to what has 
been described above, in connection with Figs. 1 and 2, it 
will not be repeated in full below. 

In the embodiment of Fig. 3 the sensor is attached to 
the adjustment shaft by means of a connection part 18. A 
code wheel 13 is fixed to the connection part 18 and will 
follow in the rotation of the connection part 18 and, thus 
the adjustment shaft. In the same manner as described above 
the code wheel 13 has a number of paths of codes, on the 
side facing a PCB 14. The PCB 14 is fixed in such a way 
that the connection part 18 will rotate in relation to the 
PCB 14. 

The connection part 18 extends above the PCB 14 and 
the extended part is received in a slot 37 of a sleeve 15. 
The sleeve 15 has the same function as the rack described 
for the previous embodiment. The extended part of the con- 
nection part 18 has a finger 16 for co-operation with teeth 
38 arranged on one side of the slot 37 of the sleeve 15. 
The sleeve 15 is moved intermittently in its axial direc- 
tion by the co-operation between the finger 16 and the 
teeth 38 of the sleeve 15. Thus, the sleeve 15 will be 
moved one step for each revolution of the connection part 
18, and thus the adjustment shaft. Also the sleeve 15 has a 
number of paths of codes on the side facing the PCB 14. 

In an alternative embodiment (not shown) the adjust- 
ment shaft is extended and replaces the connection part 18. 
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In all other aspects this alternative embodiment corre- 
sponds to the above embodiment of Fig. 3. 

In Fig. 3 a recess 17 for receiving a tool is shown. 
By means of said recess 17 and tool the adjustment mecha- 
5 nism may be returned to its original position after a 

change of brake pads. Thus, the adjustment mechanism may be 
returned to the starting position without disassemble of 
the digital sensor. In other embodiments there is no recess 
17, but the adjustment mechanism is restored by means of a 
10 reset shaft, normally furnished. 

The embodiment shown in Figs. 4 and 5 resembles the 
previous embodiments in many ways. The sensor has a connec- 
tion part 19 to be connected to the end of an adjustment 
shaft. Furthermore, a code wheel 20 is fixed to the connec- 
15 tion part 19 in such a way that the code wheel 20 will fol- 
low in the rotation of the connection part 19. In the shown 
embodiment the code wheel 20 is integrated part with the 
connection part 19. On a side facing a PCB 21 the code 
wheel 20 has a number of paths of codes for co-operation 
20 with detectors 36. 

An extension 42 of integrated code wheel 20 and con- 
nection part 19 is received in a slot of a sleeve 22. The 
sleeve 22 has a number of paths of codes facing detectors 
24 on the PCB 21. At the end of the extension 42 a finger 
part 23 is arranged for co-operation with teeth at one side 
of the sleeve 22. The sleeve 22 will be moved intermit- 
tently one steep for each revolution of the connection part 
19. On the outside of the toothed part of the sleeve 22 a 
clamp 25 is arranged, biased by means of a spring 26 to- 
wards the teeth of the sleeve 22. The clamp 25 is guided in 
a suitable recess of the housing 40 of the sensor. By means 
of co-operation between the clamp 25 and the sleeve 22 the 
intermittent movement of the sleeve 22 is controlled in an 
effective way. 



25 
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In Fig. 5 the digital sensor of Fig. 4 is shown 
mounted at an adjustment shaft 11 of a disc brake. The 
caliper 12 of the disc brake is also shown. The sensor is 
received in a housing 40 placed in an opening of the cali- 
per. A lid 41 covers the outer end of the housing 40, which 
housing 40 and lid 41 are fixed to the caliper 12 by means 
of screws 39. The connection part 19 of the sensor is re- 
ceived in a recess at the end of the adjustment shaft 11. 
Thus, the connection part 19 will rotate when the adjust- 
ment shaft 11 rotates. 

The PCB 21 is fixed to the housing 40 and the exten- 
sion 42 is received in an opening of the PCB 21. In the 
shown embodiment the PCB has four detectors 24 directed to- 
ward four paths of codes on the sleeve 22 and three detec- 
tors 36 directed towards three paths of codes on the code 
wheel 20. 

Even tough the assembly of the sensor of Fig. 4 is 
shown in Fig. 5 a person skilled in the art realises that 
all the different sensors described in this description may 
be assembled in a similar fashion. In which case the design 
of the housing and possible further parts is adapted to the 

actual sensor. 

In Fig. 6 a further example of a sensor according to 
the present invention is shown. In this example a connec- 
tion part 27 is to be connected to an adjustment mechanism. 
At the end of the connection part 27 a code wheel 29 is ar- 
ranged, which code wheel 29 has a number of paths of codes 
(not shown) facing a PCB 30. Furthermore, a finger 28 is 
arranged at the junction between the connection part 27 and 
the code wheel 29, which finger is to co-operate with teeth 
(not shown) on a sliding part 31. The finger 28 will move 
the sliding part 31 intermittently one step for each revo- 
lution of the wheel 29. On the side facing the PCB 30 the 
sliding part 31 has a number of paths of codes co-operating 
with detectors 35 placed on the PCB 30. 
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A clamp 32 is arranged to slide over teeth 43 when 
the sliding part 31 moves. The clamp 32 is biased towards 
the teeth 43 by means of a spring 33. The clamp 32 is 
guided between two guide rolls 34. 

A person skilled in the art realises that the differ- 
ent features of the shown embodiments may be varied in many 
different ways. Thus, it is e.g. possible to exchange parts 
of the example of Fig. 6 with parts of the example of Fig. 
4. 

To simplify the description only the different code 
elements are shown in the Figs. 7 to 9, but a person 
skilled in the art realises that the sensors also has de- 
tectors, PCB etc. in the same way as the embodiments de- 
scribed above. A person skilled in the art also realises 
that the number of code parts may exceed two. In the em- 
bodiments schematically shown in Figs. 7 and 8 the sensor 
comprises three code elements. 

In the embodiment of Fig. 7a first code wheel 44 is 
attached to the adjustment shaft or is driven indirectly of 
the adjustment shaft. The first code wheel 44 is drivingly 
connected to a second code wheel 45 and a code rack 46. The 
second code wheel 45 has teeth 45 meshed with teeth (not 
shown) on the first code wheel 44. The number of teeth 45 
of the first and second code wheels 44, 45 is such that the 
second code wheel 45 will rotate about half a turn for each 
turn of the first code wheel 44. Furthermore, the first 
code wheel 44 or the adjustment shaft is furnished with a 
finger to drive the code rack 46 intermittently, by means 
of teeth 49 of the code rack 46. The code rack 46 is moved 
one step for each turn of the first code wheel 44. Thus, 
the wear of the brake linings will be indicated of the po- 
sitions of the three code elements 44, 45, 46. A guide 
wheel 47 of a guiding means to control the movement of the 
rack 46 in the same way as indicated above for other em- 
bodiments is shown in Fig. 7. 
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In Fig. 8 a further example of an embodiment accord- 
ing to the present invention is indicated. In this embodi- 
ment three code elements are used, which are one code wheel 
50 and first and second code racks 51 and 52, respectively. 
Both the first and the second code rack 51, 52 has teeth 
53, 54 facing the code wheel 50 and adjustment shaft. Fur- 
thermore, guiding means 55, 56 are arranged to control the 
movement of the racks 51, 52. The code wheel 50 is driven 
by means of the adjustment shaft. Often the code wheel 50 
is attached directly to the adjustment shaft. The code 
wheel 50 or the adjustment shaft is furnished with a finger 
to drive the code racks 51, 52 intermittently. The finger 
goes into contact with the teeth 53, 54 of each code rack 
51, 52 and will move each code rack 51, 52 one step for 
each turn of the code wheel 50. Also in this case the posi- 
tions of the three code elements 50, 51, 52 indicate the 
wear of the brake linings. The racks 51, 52 are also fur- 
nished with guiding means 55, 56. 

In the embodiment of Fig. 9 two code elements in the 
form of a first and second code wheel 57, 58 are used. The 
first code wheel 57 is driven by the adjustment shaft in 
the same way as for the other embodiments. The first code 
wheel 57 has teeth 59 meshing with teeth 60 of the second 
code wheel 58. In the shown embodiment the number of teeth 
59 of the first code wheel 57 is 12, while the second code 
wheel 58 has 13 teeth 60. Thus, the second wheel 58 will 
not rotate a full turn for each turn of the first wheel 57. 
The exact number of teeth 59, 60 of the two wheels 57, 58 
may vary. It is also possible to let the second code wheel 
58 have a slightly higher number of teeth 60, in which case 
it obviously will rotate somewhat more than one turn for 
each turn of the first code wheel 57. In this case the code 
wheels 57, 58 are normally furnished with Graycode. Thus, 
the code is such that it does not repeat itself during the 
totally about 13 turns of the adjustment shaft and, thus 
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the first code wheel 57. This is achieved in that the two 
code wheels 57, 58 are rotating with slightly different 
speeds. The two code wheels 57, 58 are rotating with dif- 
ferent speeds and the codes are placed such that they will 
change all the time on both wheels 57, 58. It is the posi- 
tion of the two code wheels 57, 58 that indicate the wear 
of the brake linings. 

As stated above it is possible to use different kinds 
of code elements and sensors. One further example is to 
have sliding contacts such as on mechanical encoders. The 
paths will then be placed at a wheel and rack in the same 
way as indicated above. 

The PCB 14, 21, 30 of Figs. 3 to 6 contains circuitry 
in the same way as described above for the example of Figs. 
1 and 2. Thus, the circuitry of the PCB 14, 21, 3 0 is used 
to control the respective sensor and to give appropriate 
warning to the driver. 

When the lining material has been worn out and new 
brake pads are to be inserted, the adjuster mechanism is 
returned to a starting position. The starting position is 
adapted to the thickness of the new brake pads. The ad- 
juster mechanism is normally returned by means of a reset 
shaft. Rotation of the reset shaft will also rotate the ad- 
justment shaft. By the resetting of the adjuster mechanism 
the sensor element is automatically brought back to its 
starting position. Thus, no special calibration is normally 
needed after insertion of new brake pads. 

However, it is also possible to calibrate the sensor 
by hand, in which case the sensor first has to be disassem- 
bled. 
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CLAIMS 

1. A digital sensor for monitoring the wear of the 
lining material of disc brakes, which sensor is to be at- 
tached at the end of an adjustment shaft of an adjusting 
mechanism for adjusting the position of brake pads in rela- 
tion to the brake disc, which sensor comprises at least two 
code parts (2, 3, 13, 15, 20, 22, 29, 31, 44, 45, 46, 50, 
51, 52, 57, 58), of which one (2, 13, 20, 29, 44, 50, 57) 
is rotated continuously by rotation of the adjustment shaft 
(11) , characterized in that the code part rotating con- 
tinuously is a code wheel (2, 13, 20, 29, 44, 50, 57) and 
that the other code parts are one or more sliding parts in 
the form of a code rack (3, 46, 51, 52), a sleeve (15, 22, 
31) etc. which is moved in a linear fashion and/or one or 
more code wheels (.45, 58) . 

2. The sensor of claim 1, characterized in that the 
code parts (3, 15, 22, 31, 46, 51, 52) not rotated con- 
tinuously by the rotation of the adjustment shaft are 
moved intermittently by the rotation of the adjustment 
shaft. 

3. The sensor of claim 1 or 2, characterized in that 
it further comprises detectors (5, 6, 24, 35, 3 6) directed 
towards the code parts (2, 3, 13, 15, 20, 22, 29, 31, 44, 
45, 46, 50, 51, 52, 57, 58), a connection part (1, 18, 19, 
27) of one of the code wheels (2, 13, 20, 29) drivingly 
connected to the adjustment shaft of the disc brake and a 
PCB (Printed Circuit Board) (4, 14, 21, 30); and that the 
code parts have code paths turned towards the detectors 
(5, 6, 24, 35, 36) of the PCB (4, 14, 21, 30). 

4. The sensor of claim 3, characterized in that the 
code on the one or more code wheels (2, 13, 20, 29, 44, 
45, 50, 57, 58) and/or one or more sliding parts (3, 15, 
22, 31, 46, 51, 52), respectively are formed by magnets 
(7, 8), by light and dark sectors or by holes or no holes. 

5. The sensor of claim 3 or 4, characteriz d in that 
the detectors (5, 6, 24, 35, 36) are received on the PCB 
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(4, 14, 21, 30); that the PCB (4, 14, 21, 30) has cir- 
cuitry to relate the signals from the detectors (5, 6, 24, 
35, 36) to the actual wear of the lining material of the 
brake; that the two or more code parts (2, 3, 13, 15, 20, 
5 22, 29, 31, 44, 45, 46, 50, 51, 52, 57, 58) are arranged 
on the same side of the PCB (4, 14, 21, 30) or on opposite 
sides of the PCB (4, 14, 21, 30); and/or that a Graycode 
is used. 

6. The sensor of any of the claims 3 to 5, charac- 

10 terized in that the detectors (5, 6, 24, 35, 36) are opti- 
cal detectors, magnetic sensors or mechanical switches. 

7. The sensor of claim 6, characterized in that the 
detectors are magnetoresistive sensors or hall effect sen- 
sors . 

15 8. The sensor of any of the previous claims, charac- 

terized in that the code wheel (2, 29, 44, 50) rotated 
continuously by the adjustment shaft or a part (18, 23) 
drivingly connected to the code wheel (13, 20), has a fin- 
ger (9, 16, 28) for co-operation with teeth (10, 38, 49, 

20 52, 54) of the sliding part (3, 15, 22, 31, 46, 51, 52) 

and that the finger (9, 16, 28) is arranged to advance the 
sliding part (3, 15, 22, 31, 46, 51, 52) a distance corre- 
sponding to one tooth for each turn of the code wheel (2, 
13, 20, 29, 44, 50) . 

25 9. The sensor of any of the claims 3 to 7, charac- 

terized in that seven detectors (5, 6, 24, 35, 36) are ar- 
ranged on the PCB (4, 14, 21, 30) for reading of up to 
four different paths on each of the code wheels (2, 13, 
20, 29, 44, 45, 50, 57, 58) and the sliding part (3, 15, 

30 22, 31, 46, 51, 52) . 

10. The sensor of claim 8 or 9, characterized in 
that a part drivingly connected to the adjustment shaft 
(11) or an extension of the adjustment shaft (11) is re- 
ceived in a slot (37) of the sliding part (15, 22) and/or 



WO 03/067115 



16 



PCT/SE03/00166 



that a clamp (25, 32) is biased by means of a spring (26, 
33) against teeth (43) of the sliding part (22, 31) . 

11. The sensor of any of the previous claims, char- 
acterized in that it comprises three code parts (44, 45, 

5 46; 50, 51, 52) . 

12. The sensor of claim 11, characterized in that 
the three code parts are two code wheels (44, 45) and one 
code rack (46) . 

13. The sensor of claim 11, characterized in that 

10 the three code parts are one code wheel (50) and two code 
racks (51, 53) . 

14. The sensor of any of the claims 1, or 3 to 10, 
characterized in that it comprises two code wheels (57, 
58) . 
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